To date, few studies explore the involvement of endothelial nitric oxide synthase (eNOS) gene variants in uterine cervical cancer. Therefore, we conducted this study to assess the clinical implication of eNOS in cervical carcinogenesis, clinicopathological characteristics and patient survival. One hundred and seventeen patients with cervical invasive cancer and 95 with preinvasive lesions and 330 control women were consecutively enrolled. Real time polymerase chain reaction was used to examine the genotypic distributions of eNOS single nucleotide polymorphisms (SNPs) rs1799983 (894G>T) at the exon 7 region and rs2070744 (-786T>C) at the promoter region. Our results indicated no significant associations among genotypic distributions of eNOS SNPs and patients with cervical invasive cancer and those with preinvasive lesions as well as normal controls. However, cervical cancer patients with genotypes TC/CC in eNOS SNP rs2070744 carried less risk of advanced stage [odds ratios (OR) = 0.30, 95% confidence interval (CI)=0.09-0.97, p=0.036], parametrium invasion (OR=0.16, 95% CI=0.02-0.75, p=0.009) and pelvic lymph node metastasis (OR=0.12, 95% CI=0. 01-0.89, p=0.016). In conclusion, although eNOS SNPs rs2070744 and rs1799983 do not display significant associations with cervical carcinogenesis and patient survival, cervical cancer patients with genotypes TC/CC in rs2070744 carry less risk of advanced stage, parametrium invasion and pelvic lymph node metastasis in Taiwan.
Introduction
Nitric oxide (NO) is a free radical that acts as a paracrine and autocrine signaling molecule in human body; for example, it is released by the endothelia cells of the blood vessels and causes vasodilatation. However, studies have showed that NO may also play an important role in cancer related pathophysiology such as modifying the expression of oncogene and tumor suppressor gene, tumor angiogenesis and metastasis [1] . NO has different actions in various human cancers such as head and neck cancer, breast cancer, gastric cancer, lung cancer and gynecologic cancers [1] [2] [3] [4] .
In women with cervical intraepithelial neoplasia, NO metabolite level in cervicovaginal secretion was significantly higher compared to bacterial vaginosis and normal control [5] . Immunohistochemistry study on high-risk human papillomavirus (HPV) infected cervical intraepithelial neoplasia cells showed that
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International Publisher these cells have more intense mutagenic nitrative DNA lesion [6] . Another study was conducted to evaluate the effect of NO on carcinogenesis in Human Papillomavirus-infected cells [7] . They concluded that NO was associated with decreased pRb and p53 levels, decreased apoptotic activity, and increased survival of mutant cells.
NO was formed from the transformation of L-arginine to L-citrulline by nitric oxide synthase (NOS) [8] [9] [10] [11] [12] . Endothelial nitric oxide synthase (eNOS) is one of the four isoforms of NOS. eNOS is encoded by the NOS3 gene, located in 7q35-q36 [13] . Few polymorphisms were reported on NOS3 gene including rs1799983, intron 4a/b, and rs2070744 [11] . Recently, studies have been conducted to evaluate the association between eNOS polymorphisms and various human cancers [13] [14] [15] [16] [17] . eNOS genetic polymorphisms were associated with increased risk of gastric cancer [13] and were also significantly associated with epidermal growth factor receptor (EGFR) mutation types of lung adenocarcinoma which might indicate increased invasiveness of the cancer [14] .
At present there is no study evaluating the association between eNOS polymorphisms and the carcinogenesis or clinicopathological variables in uterine cervical cancer. The aim of our study was to evaluate the association between eNOS genetic polymorphisms and the risk of cervical cancer which compared between normal control group, high grade cervical intraepithelial neoplasia (CIN) group and invasive cervical cancer group. We also evaluated the association between eNOS genetic variants with cancer stage, histological type, tumor invasiveness and metastasis as well as tumor recurrence and overall survival.
Materials and Methods

Data source and studied subjects
The study was conducted by enrolling individuals retrospectively. One hundred and seventeen patients with invasive cancer and 95 patients with high-grade cervical intraepithelial neoplasia (CIN) of uterine cervix as well as 330 normal controls were consecutively recruited at the Department of Obstetrics and Gynecology in Chung Shan Medical University in Taichung, Taiwan from February 1994 to October 2014. Patients with high-grade CIN were known as precancerous lesions and received abdominal hysterectomy or simple trachelectomy. All studied subjects were Taiwanese women who resided in central Taiwan. The institutional review board of Chung Shan Medical University Hospital approved this study (CSMUH No: CS11152).
Selection of single nucleotide polymorphisms (SNPs) of endothelial nitric oxide synthase (eNOS) gene and DNA extraction from all subjects
In this study, two eNOS SNPs were selected according to International HapMap Project data and previous studies [18, 19] . Genetic polymorphisms rs1799983 (894G>T) at the exon 7 region and rs2070744 (-786T>C) at the promoter region were included which SNPs were associated with tumor progression in various cancers [14, 17, 20] . Blood specimens were collected by the laboratory staffs from all participants using a standard venipuncture technique and deposed into Vacutainer tubes containing ethylenediaminetetraacetic acid. The materials were stored at 4°C immediately. Deoxyribonucleic acid was extracted from peripheral vein blood leukocytes according to manufacturer's protocol as described in detail previously [21] . Assessment of allelic discrimination for the two eNOS SNPs were performed by using the TaqMan assay with an ABI StepOnePlus™ Real-Time PCR System.
Statistical analysis
Analysis of variance was used to compare the age difference among patients with invasive cancer and those with preinvasive lesions of uterine cervix as well as control women and then Scheffe test was used for post hoc analysis. Chi-square or Fisher's exact tests were used to relate genotypic distributions of eNOS SNPs to the incidence of cervical neoplasias (including preinvasive lesions and invasive cancer). The adjusted odds ratios (AORs) with their 95% confidence intervals (CIs) were applied to determine the associations among genotypic distributions of eNOS SNPs and the incidence of cervical neoplasias using the logistic and multinomial logistic regression models after controlling for age. Univariate Kaplan-Meier model and multivariate Cox proportional hazard model with backward stepwise method were applied to associate eNOS SNPs with recurrence probability and overall survival of patients with cervical invasive cancer, with adjusting for various clinicopathological parameters, relative to recurrence and survival time or until closing date of the study (March 31, 2018 
Results
Age and genotypic distributions
The age distribution was significantly different between patients with cervical neoplasia and normal control women (50.0 ± 13.6 vs. 43.7 ± 10.4, p<0.001). Based on ANOVA with Scheffe test for post hoc analysis, there was significant difference for age distribution between patients with cervical invasive cancer and those with preinvasive lesion (55.0 ± 12. 
Relationship of eNOS genetic variant distributions with uterine cervical carcinogenesis
The genotypic distributions of eNOS SNPs in the Taiwanese women with cervical neoplasias and normal control women are shown in Table 1 . There were no significantly different distributions of eNOS SNPs rs1799983 and rs2070744 between patients with cervical neoplasias and normal control women. No significant differences were found for the two SNPs between patients with cervical neoplasias and normal controls even after controlling for age. Although the cervical neoplasias group was subdivided into invasive cancer and preinvasive lesions subgroups, we could not find significant associations among genotypic distributions of these eNOS SNPs and patients with cervical invasive cancer and those with preinvasive lesions as well as normal controls (Table   2 ). After controlling for age, no significant associations were still presented. 
The relationships of eNOS genetic variants with clinicopathological parameters in the cervical cancer patients
There was no genotype CC of eNOS rs2070744 presented in cervical invasive cancer patients. Then, genotype CC was grouped with TC as genotypes TC/CC in associating eNOS re2070744 with clinicopathological variables. We found that cervical cancer patients with genotypes TC/CC in eNOS SNP rs2070744 carried less risk of advanced stage (OR=0.30, 95% CI=0.09-0.97, p=0.036), parametrium invasion (OR=0.16, 95% CI=0.02-0.75, p=0.009) and pelvic lymph node metastasis (OR=0.12, 95% CI=0.01-0.89, p=0.016) than those with genotype TT (Table 3) . No significant associations were found between eNOS SNP rs1799983 and clinicopathological variants (data not showed).
Univariate analysis for the recurrence probability and overall survival in cervical cancer patients based on eNOS SNP rs2070744 and clinicopathological variables
We further evaluated the association of eNOS SNP rs2070744 with the recurrence probability and overall survival of cervical cancer patients. In univariate analysis, we found that cervical cancer patients with genotype TC/CC of eNOS SNP rs2070744 have no significant association in recurrence probability compared with genotype TT [hazard ratio (HR)=0.98, 95% CI=0.34-2.87, p=0.972; TT as a reference] (Table 4) . We found the following to be significantly associated with recurrence probability: stage, stromal invasion depth, tumor diameter, vagina invasion and pelvic lymph node metastasis (Table 4) . However, patients with genotype TC/CC tended to have better overall survival (HR=0.18, 95% CI=0.02-1.29, p=0.053), using TT as a reference. The characteristics those were associated with overall survival were showed in the following: stage, stromal invasion depth, tumor diameter, parametrium invasion and lymph node metastasis ( Table 4) . 
Multivariate analysis for the recurrence probability and overall survival in cervical cancer patients based on eNOS SNP rs2070744 and clinicopathological variables
In multivariate analysis, we found no association of eNOS SNP rs2070744 with recurrence probability and overall survival (HR=1.18, 95% CI=0.37-3.78, p=0.781; for recurrence probability; HR=0.30, 95% CI=0.04-2.32, p=0.250 for overall survival; Table 5 ). Larger tumor diameter could be the only independent predictor of worse recurrence probability for cervical cancer patients (HR=3.69, 95% CI=1.34-10.11, p=0.011; Table 5 ). Deeper stromal invasion depth (HR=3.11, 95% CI=1.12-8.65, p=0.030) and pelvic lymph node metastasis (HR=4.90, 95% CI=2.06-11.64, p<0.001; Table 5 ) could independently predict the poorer overall survival. Endothelial nitric oxide synthase SNP rs1799983 also exhibited no association with the recurrence probability and overall survival of cervical cancer patients in multivariate analysis (data not showed). 
Discussion
Uterine cervical cancer was the third common type of gynecological cancer in Taiwan according to the 2015 cancer registry annual report. The process of carcinogenesis from cervical epithelial cells to cervical intraepithelial neoplasia and finally transformed into invasive cervical cancer after persistent HPV infection was complicated [22, 23] . The local immune response was also reported to play a critical determinant in cervical carcinogenesis after persistent infection with oncogenic HPV infections; and genetic variation in the involved genes were further showed to have an impact on the risk of developing cervical cancer, as well as progression and survival among cervical cancer patients [24] . However, the associations were subtle and results diverse among different populations. Other additional host-cell changes and genetic loci might contribute to the carcinogenesis and progression of this disease. The eNOS polymorphism rs2070744 was identified as a factor associated with the risk of gastric cancer, but no association was identified between eNOS rs1799983 and ovarian cancer [11, 25] . In contrast, the eNOS genetic polymorphism rs1799983 has been reported to be concerned with the breast cancer risk in Taiwanese women [15] .
In our present study, we evaluated the association between eNOS polymorphisms including SNP -786 T >C (rs2070744) and SNP 894G >T (rs1799983) and the cervical carcinogenesis. To our knowledge, this was one of the few studies that evaluated the effect of eNOS polymorphisms on gynecology cancer. Our study showed different results. There was no significant difference between normal control group and the cervical neoplasias group (including cervical high grade CIN and invasive cancer) in various genotype combinations for the two eNOS polymorphisms. The result was same when we stratified the cervical neoplasias group into CIN group and invasive cancer group and compared with normal controls group. Few meta-analysis studies have been conducted to evaluate the overall cancer risk of eNOS polymorphisms, however the results were still conflicting among the meta-analysis reports [26] [27] [28] . Haque et al. and Zhang et al. reported no significant association of SNP 894G >T (rs1799983) with cancer susceptibility [27, 28] . However, Wu et al. reported genotype TT in eNOS 894G >T was associated with increased susceptibility for female malignancy and breast cancer [26] . SNP -786 T >C was not related to breast cancer risk. Zhang et al. found that there is significant association between -786 T >C polymorphism and breast cancer risk [28] . None of these reports mention about the association between eNOS polymorphisms and the risk of uterine cervical cancer.
Besides from carcinogenesis, eNOS polymorphisms might associated with various clinicopathological variables of invasive cervical cancer. In this study we compared patients having genotypes TC/CC with genotype TT in eNOS genetic polymorphism rs2070744. We found that cervical cancer patients with genotypes TC/CC carried less risk of advanced stage, parametrium invasion and pelvic lymph node metastasis. No associations were found between eNOS genetic polymorphism rs1799983 with various clinicopathological variables. In a study that evaluated the effect of eNOS genetic polymorphism on the metastatic status and vascular invasion of patients with breast cancer, T allele frequency at the NOS3 SNP rs2070744 was significantly associated with vascular invasion [29] . T allele reduction associated with decrease of vascular invasion in these patients and may have a favorable prognosis. Our study has comparable results that patients with genotypes TC/CC (T allele reduction) in NOS3 polymorphism rs2070744 have less metastasis and parametrium invasion which might indicate better prognosis. Another study was conducted in a group of Korean women with breast cancer [30] . Lee et al. found that -786C allele in eNOS SNP rs2070744 was marginally associated with decreased risk for invasive breast cancer with lymph node involvement.
In our present study, we also evaluated the effect of eNOS genetic polymorphisms on recurrence probability and overall survival of cervical cancer patients. In eNOS rs2070744 (SNP -786 T >C), patients with genotype TC/CC tended to have better overall survival compared to genotype TT in univariate analysis. However, after controlling for other clinical factors in multivariate analysis, we found that eNOS genetic polymorphisms rs2070744 and rs1799983 have no significant effect on recurrence probability and overall survival in cervical cancer patients. In patients with hepatocellular carcinoma, eNOS polymorphisms have significant influence on the response to anti-angiogenic drugs [31] . eNOS -786 TT and eNOS 894 GG genotypes were significantly associated with a lower median progression-free survival than other genotypes in these patients. Another study has evaluated the influence of eNOS polymorphisms expression on survival in metastatic breast cancer patients [32] . These patients were treated with bevacizumab plus chemotherapy. Patients with eNOS 894 TT genotype showed significant lower progression-free survival compared with GG genotype but no differences in overall survival.
There were two limitations in the present study. Firstly, the sample size was small especially for the invasive cervical cancer group which might underestimate the actual association between eNOS polymorphisms and the carcinogenesis of cervical cancer. Secondly, data on HPV infection in our study subjects lacked. HPV tests were not popular in Taiwan because of the conservative attitude of Taiwanese women. Although HPV infection rates in high-grade squamous intraepithelial lesions and invasive cancer of uterine cervix have been reported to be 84.3%-100% based on the study by the Taiwan Cooperative Oncologic Group [33] , Taiwanese women were unwilling to pay for HPV tests if their papanicolaou smear revealed normal because HPV tests were not covered under the National Health Insurance program. To our knowledge, this is the first study that evaluated the association of endothelial NO synthase gene polymorphisms with cervical cancer carcinogenesis, various clinicopathologic factors and patient survival. In conclusion, although eNOS SNPs rs2070744 and rs1799983 are not showed to display significant associations with cervical carcinogenesis and patient survival, cervical cancer patients with genotypes TC/CC in rs2070744 carry less risk of advanced stage, parametrium invasion and pelvic lymph node metastasis in Taiwan.
